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PREFACE

The aircraft replenishment spares budget process is
dynamic and complex. The D041 requirements Ccmputation
system is used to compute a buy requirement and to forecast a
budget requirement for spare parts. The spares requirement
is subt,-t to considerable change between the time the
buuCet requirement is submitted and the time the parts are
purchased. The variables used in the D)41 will change. The
constant changinq of variables is referred to as churn.

"Churn causes the individual item requirements tc, chanqe fr,-m
the budget requirement tc- the buy requirement. This paper
will examine ,-hurn by lcking at , hurn's effect ,_, individual
item requirements and on the budget requirement in terms _, I

a -1ars. There are hundreds of millions of dollars at stake
in being able to convince budget examiners that churn is
to be expe,-ted and results in a gcod buy requirement.

The author wishes to thank Lieutenant Ccl onel James
M,-Claugherty and Ms Deborah Alexander from AF/LEXW for their
sLpp-,rt and encouragement. Alsco, Ms Virginia Mattern from
L,zgisticzs Management Institute prcvided the data used,
with,out which this pr,_-ject could nct have been acco mplished.
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EXECUTIVE SUMMARY

:. ti ,Part of our College mission is distribution of
the students' problem solving products to

li-? ,DOD sponsors and other interested agencies
to enhance insight into contemporary,
defense related issues. While the College has
accepted this product as meeting academic
requirements for graduation, the views and
opinions expressed or implied are solely
those of the author and should not be
construed as carrying official sanction.

.'" "insights into tomorrow"

REPORT NUMBER
AUTHOR(S) Maj,-r Paul M. Needham, USAF

TITLE Churn in the Aircraft Spares Requirements Process

I. Purpose: Tc, explain what churn is and the impact it
has -,n the aircraft replenishment spares budget process.

If. Pr-,blem: The aircraft replenishment spares budget is
IbUilt using a b-ttoms-up appr,ach based on the D041
requirements computation system. This process generates a
forecasted list cf items and anticipated costs which be,mes

* the basis f-,r the budget. S-me C,-nqressicnnal staffers
believe that the f-,recasted items are the o-nes that should be
b,-,ught and want the Air Fo-rce to notify Lo:,zngress each time
the actual buy deviates fro-,m the forecast. CIhurn, the budget
process, and the impact Of churn o:,n the process needs to be
explained to the staffers.0

III. Data: The D(-)41 computes buy requirements and
forecasts future requirements by using numerous variables.
The variables are time sensitive, and their values ,change

over time. This changing cif variables' values over time is
defined as churn. As the values change, the requirements

S-C-mputed by the D041 also change. To see the impact oif -hurn

V
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CONTINUED
-n individual items and at the budget level, an item sample
was selected. Twc sets -:f budget and by requirements were
,cmpLted Using Logistics Management Institute's Aircraft
Availability Model and the D041 variables' values from Air
Force Loistics C:ommand (AFLC:). The variables' values for
each item were compared to: determine which variable caused
the greatest increase or decrease from the budgeted
requirement to the buy requirement. The dcollar value o-f the
items requirements were then summed and :omparisons made.
Although thp requirements were not actual AFLC budqet and buy
requirements, some con,-lusi-ns and recommendations can be
made since the loi,- ,f the two m-dels is very similar.

IV. 17on,-lUsions: Based on the items examined we observed
a change oif over 70 percent in dollars o:,f individual item
requirements frcm the budget to the buy. The change was only
about plus or minus 10 percent, ho:,wever, fro:,m the to,tal
budget requirement tc, buy requirement. Because the sample
data in this paper was a selected sample n, extrapolations to
the populatio:n :an be mace.

V. Recommendations: AFLC sh-uld c-,ndu-t a si nilar study
using a:tual bLdget and buy requirements. Additionally, AFLC
should establish an analysis office that would concentrate on
budget analysis and help in explaining the relationship
between the budget and the buy. Such an office wcuild help
create greater C:ngressional confidence in the budget.
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C-hapter One

INTRODU CTI ON

The Air Force air-raf" replenishment spares

appropriatio .i ncreased from 2. 1 billio n dcllars in 10981 to

3.9 billion dollars in 1985, then decreased to 1.9 billion

dollars by 1'983. These funds are used to, buy spare parts for

the supply inventory which are then used to repair aircraft.

The total value of the spares inva,-tcry has _yrown during thE
same period from 12 billi,-on dcllars toc over 35 billion
dollars (10:51. This growth is partly the result cf

inflation 'the inventory is costed at replacement value) but
is mo.t t y due to the expansion of parts in the inventcr y.
The an;al budget for spares is based on the need to replace

.ondemned parts tthose beyond ec-onomical repair), expand the

inventory for various reasons, and to buy war reserve
materiel

The results of the increased inventory are most , y arl.

seen in mission-capable rates. For example, the F-15 arid
F-16 mi ssiocn-capable rates have gone from 80 per cent in 1982
to over 85 percent in 1987. The major variables affec-ting

missi r-capable rates are spares, maintenance manpower,
"-* maintenance techniques, and ben,::hstoc_-k type items. Of the

four major variables, only spares availability has

significantly changed. As a result, we can c-onclude that the

increase in mission-capable rates is a direct result of the

increases in the spares inventory.

Since i985 the sparos appropriation has neen seri :ously

reduced--by almost two billion dollars. The House

* Apprcpr i ations c,mmittme (HAM) justi fied the cuts pr i mari ly

by using the results of a House Surveys and Investigati,ns
report which concluded that the Air Force 1986 budget request

was overstaLed by over SOO million dcll ars (4:1).
Additionally, there have been a cont inui ng series of GAD

audits locking at the spares budget and the method of

* develipirig the budget. These GAO audits have be-,n crLti al

of the relationship between the budget and the actual

evecut ion (spending the money). In reviewing the FYS8-'9

budget request, the HAC questioned why the Air Force has been

buying parts other than those listed in the budget

dcumentaticn (E:--).

The dynamic nature of variables used to develop the

budge5t and the buy requirements is one cf the most

%%
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si gnificant reaons for the discrepancy between the items
budgeted for and tho, se actually purchased. There are over
i000 variables used to -ompute the future requirement f,-or
each part in the invent-ry o-ver an eight-year period.
Multiply that complexity by the parts for whi,-h
requirements are Computed, and the dimensions of the
requirements computation process benin tc become apparent.

In an attempt to produce the best possible statement .f
requirements, the variables used in the requirements
.co-mputation mcdel are updated quarterly. This ,-,-,nstant
updating adds to the dynamic nature of the requirements
process and is called churn. Churn is the constant changing
of variables, which results in changing parts requirements.

Because -,f the clarge nlumber of dollars invol ved in the
replenishment spares budget and the impact of spares .zn
aircraft mi-ssiozn-capable rates, the phenomenum of churn needs
to, be understood, especially its impact on the spares budgel-

-hurn causes individual item requirements submitted as
par t :-f the Air Force budget request to change between the

* ti.ne the budQet is submitted and the time the acztual
-.- purchases are made. That time lapse is about o:ne and one-
--.- al f years. As a resLlt, the items the Air Fcrce buys dur ing

the e.e-ut ion year are not nezessarily the same items

SZngress reviewed in approving the budget. :qngressi, 1nai
1 affers, not fully knowledgable of churn, want the Air Force

t, tell them each time the buy requirement changes from the
Air Force budget request.

There are billions of dcl lars at stake in being able.
-und.-rsltand what churn is and how it affects the spares

budget. This paper will explain what churn is in C:hapJtp.-r
Tw,. It will examine the impact Of churn oin selected parts
:., Chapter Three. Chapter Four will explain the effect ,K
:,_rr c, budget and buy requirements and why churn should nrot

I fc--d.sener f , LF the aircra ft spares budget prcce, _-z.
Finally, Chapter Five will present conclusi-ns and

* Kre,.:,iTiirendat i ns.

%
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Chapter Two

C-HURN--WHAT IS IT AND WHAT r:AUSES IT'

'ChUrn' can be defined simply as the chaniqinq c-ver tip
cf the valnes :cf the var iableos used in the requi ce:-ment-
cc'MPUt at iocn mc'del (23-;5: 1-2). Tc'. unde-_r t andj wha;1 :C FUr 0
ac-t uall1y is and what c-au(ses, It, we need toc examine the ba:
n AtUre Lc0f t he r egni reLmen--)t S I cIput atL ion -,yst e ri, t he ini'-' 1
*i qni1 fi1 c ant va r i cables, arid wha t aucLP-ec th11e val Li c ''f the1
va r iabl1es to c hanqoe.

Tno cLurrent Alir Force aircraft spar-E±3 budqet is b Ul 1 1
with a bc'ttoms UP appro-ach uIsinIq the D0~41 requi refrnent-
C:-T cPu ba t 1 c n Tic de . The D(.4 1 model -_c cimput cc the! r EscILi i vrrfn

Cfo-r- each recc cver able pa:rt in the Air FoDr-c in von ,tory. The_
-n ridel c 'coSi der- a nUmnerc-us var ish lea inc 1Ltdi~nq ':pCr at rFig 111 Tii

K 7ying hours), c'Drder and shipping timne, repair time f-i b.. t
bhas_ an d depo-t, mnean t ime b et ween r-emoval1S, etc An
e,',raUstiVe list .- f the variables is contained in AFLCP! 57-4
The model 's results fc'r items which rEq~iicc et chas-eci
additio-nal units for invento-ry are then stratified in the
C-entral Standard Item Staificaticn TCIS . Th r--SI S-

converts parts to, dol 1 ars and becomes the Air Force, budget
SUbMi asi on fo-r spares (:-)

The actuial C5IS includes three sets o-f requiremnent; .
T hoese se&t s are cat egc'r 12 ed by year with the c__Ur Ic-Ft Je-ir
' exec:utico) being the AY or appropriation year; the Uds
yea"r n next year )being the BY; a--nd the extended ye-Ar
-Add i t i on al e~ar i n t he fu tu r e) be ingq the EY. The AY
r equi r ement ,which is Cofnpukt ed a-s cf March is wha-.t A V

-' 'ifsi-n ( rL-: is a':tu~al11y putt in o' n KTjc r

DY r eq ui r ement is si3 1 mcnit ho_ away and is s3ubjec-t .cit
in the six rnc mnths befc'-re purchase requests are actuakl 1 /
p repa-kr ed. Finally, the EN' requirement is subject to F-
o'Ver the nextJ two yea-=rs and has goner -_ally been regarded zi
bo;.ng inaccuLrate in trying tco preiidict quarititipe r ecjtn ' it

* c o ivtdul e lve .The EN' requirement be th I-
~oJciget fc'r sIpa-r es. n yven the nci-Tber .-,f var lab 1 e P entri

i. ntc th f7 mc'd ei a nd the time frame civer whic:h the mdi
cMpuILt es! present arid future buy requi rementts, all

ripg sa uco ar ) sbet t: ch angjqe Unit I I i tc:n s air e paidF
tcl



Based cn the mathematical treatment of the variables in
the DC041, the most significant variables are:

-unit cost

-failure rate--remo-,val rate
n.-not repairable this station--NFTS

-order and shipping time
-repair time--base and depct
-number of users
-proc.urement leadtime
-condemnation rate
-flying hcur p-ogram (9:9-37; 7:26)

Changes in the values of these variables will cause projected
buy requirements to change when put into the DC41. The
definitions cf and scurces of the values for each -,f these
variables is in Appendix 5.

The value of each variable enumerated above will change
f' for different reasons. For example, the unit cost o-f an
item, basically the price paid the last time the item was
ordert.4 , ignores the reality cf the market place and is cnly
updated fcr inflation. It is no-t updated for greater ,r
lesser quantity (eccncmic produ-tion rate), technolcgical
state -f the market (e.g., tubes vs solid state), or specific
market anomalies such as steel alloy's, labor prcblems,
produ.ction capacity, competitive bidding, etc. The failure
rate or rem-val rate measures reliability and is basically
the mean time between remo-vals (failures), and it can also
change fcir a number of reasors. Factors such as change in
mission profile (e.g., suddenly beginning to fly lcow and fast
1-over the desert'), termination o-f an item's life c-ycle
(wearout rate), faulty test equipment, and lack of braining
for technicians can all affect the failure rate.

Based on c-,nstant update and revisi, ) cf variables, we
can see churn is caused by their mathematical impact on the
requirements mc,del, not a mysterious hand massaging --:f the

*=0._ quantities cf items tc be bought. The nex t chapter e-.p1ains
and evaluates this impact.

4
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Chapter Three

EVALUATION OF THE IMPAC;T OF CHURtJ

We know in general terms What churn is and what ':aUSeS
it. In *-,rder to examine the impact o--f churn, data rnLst be
acquired and analyzed and conclIusions drawn. This chapter

.w1ll explain how the data was acquired And exami ned andi wil
pr'esent the analys is and the coc-n: 1usicons to be drawn frc'mf the
anal ys i .

HOW THE D)ATA WAS ACQDUIRED

The data was acquired fro-m the Logistics Management
Inst Itut e (LMI') , wh i Ch Used i ts dat a base o-,f past AFLF: 0041,l
computations toD comD~pute the basic pi peliine data. LMI
ccrnputed the data using its Aircraft Availability Model (.AAMi;
which si MLUl tes the- actual DC:)41 and prcDvi des the Air Force A
c apability to qUicl-1l y generate co--mpultatio:ns tc fnake
,- 1,T p a)r I sConsE,. Only pipeline data was acquired si-ice LMI
computeS the variable sa'fety level pcorticon --,f the requirement
LLTi nq a di fferent technique frc.mn thaRt u(sed by AFLC.

The 00)41 data bases LUsed were tho-se fo--r March 1982",
Maice -r~I 194, September 1984, and September 19285. The March
19"82 data was Lused to- compute the BY and EY (198.4 and 1935)
requi rements. The EY requirement woDuld have been Used forY
the-_ 1985 budget reque-st submit ted tc,- Cocngress in Januar-y
17,984. The September 1964 data wa-s LisE.d to compute a bDuy
r e~qU ir iTent for 1985. Th i , datLa was h en Used tc coamp are a
bLidget requi rement for-[ 19835 4i th a buy requirement fo-r 1925,3.
Inr a _ rmanner-, the- Mar C h 1'394 da~tl a7 assed witFh thu,
SeptembinbaK 19835 dat a tco 1oVat bud~iet and buy r equir ement

In each _:f the 00)41 data bases there are over 10 A~
t,: n;umber s which repres:ent the_ pcl a o. ncrdrt

e,,ami ne thws _ hanges ~a~dby chu..rn, a sample was ad cc ,Led.
Thixsrrpiewas no--t r andc:m and c an no.:t be assumed to- be

r epr e- en t t iye of the: pop Llcat i CF -. The st cc I numfbers chcoe
crthis analysis were the top ten (dcollar weighted) buy

items for the F-15, F-16, and E--2: aircraft in 19815, 1985-, and
1 987. The-se ate: I numbers were pulled fro-m t he budget

Dr c u asha t -a: H Air' Lci1st ics Clent er prepares as part t:
i La bjld~lo L :upmera

uj



The data are based -,n the AFLC a,-tual depot data bank
factors, the pipeline requirements derived from the AAM, and
the buy requireincnt computed by the AAM. The requirement
computed by the AAM was nc,t used in the actual budget nor was

-th.9requireITIent used to generate purchase requests for
parts. The data was selectad because cf its availability and
the respcnsiveness of LMI in providing it.

EXAMININ13 THE DATA

rThe complete list of the stock,- numbers which were
e-,am,.ned for our FY35 budget and buy and our FY86 budget aFd
buy are listed in Appendices I and 2 respectively. This
section will examine both years and will present the
significant variables.

~FY35

In l,-,oking at FY35, 44 stck numbers were in both data
bases--March 1533 and September 1984. The data in the two,
coMputatioens was c, mpared only for the stock numbers whose
buy quantities changed between the March 193,3 EY requirement
and the September 1984 requirement. There were 17 items
whose quantities changed frcm budget t c , buy. Of the 17
items, the quantities -,f five increased (29 percent) and the
quaF tities of 12 decreased (71 percent). The major variables
used in the co-mputation were examined to determine if there
was any trend to the data. We will first lock at the items
whose quantit ies increased and then examine the ones whose
quantities decreased.

The five items whose quantities increased from budget to,
buy are listed in Appendix 3. c:,cndemnati,-,ns were the major
cause of the increase in buy quantities, althozugh many
factors affected the increase. Changes in mcre than cone
c,,mputati, nal varLable a:-c ouLnted for the increase in the buy
quantities of each of foc, ur of the five items. On cne item
the projected ccrndemnaticns increased froc-m zerc, to 28, and
the procurement leadtime increased from 12 months to, 27
mcorths. The other three items had in-reases for the
following reasons: increases in pr, jected c,ndemnaticr ns,
more parts removals fr,-m the aircraft, and increases in the
number of bases using the parts. The buy requirement forc one
itet? was increased only for insur anc: e.

The 12 items whc,se quantities decreased from budgjet to
buy are listed in Appendi ' 4. The pr:imary reasn for the
d E - Er : -7-e w - a reductio n in the aitnti,-ipated numb e ,cf parts
remova s f r, m Air,raft. Nine of the 12 items' recuir ements

6



" decreased because .f better reliability than anticipated.
The remaining three requirements were reduced because the Air
r-c,,-e repaired mre items in the depot rather than buying
mc, r e.

," FY86

In lic,oking at FY86, 42 items were in both the March 1984
EY -co mputati,-,n and the September 1985 c-,mputatic,n. Nineteen
o-,f the items' quantities changed from budget t, buy. Nine -,f
the nineteen (47 percent) increased, and ten (53 percent)
decreased. We will first look at the items wh-se quantities
increased and then examine the ones whose quantities
decreased.

The stock numbers -,f the nire items whose quantities
inreased fr,m budget t, buy are listed in Appendix 3. The

. primary reason for increases for five -f these nine items was
a projected increase in condemnaticns. Tw-, c-,f the items had
increases because of an unanticipated increase in the number
,of bases using the items. One item had an increase because
the time t,- repair br-ken items at the base and depot
increased. Finally, cne item had an increase because the buy
-f needed items had been deferred in prior years.

Dec-reases fr,-,m budget to buy c--ured in the requi remsints
of ten items, and their st-k numbers are listed in Appendix
4. The reason nine of the ten had lower requirements was an
imprcvement in the reliability of the part. This improvement
resulted in projecting fewer removals and, therefre fewer

required parts.

ANALYSIS OF THE DATA

As we analyze the data and the reas-,ns fo, r buy
'quant i ties to change from budget quantities, i is irn;c,rtant

to reccnize that the way the data was selected makes ,t
inappropriate to extrapo.Dlate from this skewed sample t, the

-population. The data and reascrns nevertheless prcvide :.--n
insiqht into the dynamics ,:,f the multi-variable,
multi-echel on inventory model that is used to: bo:th budcet ,or
and buy items.

* Wi thin this limited two-year sample, there were chanqes
from budget to buy requirements f,,r 31 c:,ut o:f 86 items.
Increases in the requirement were found for 14 items and
decreases f,-r the other 17. The change in quantity fr,-,m
budget to buy for mst it ems was due t, a cocmbination of
, variables.

T, under nd the: basic relationship -,f the variables,
the invert -,ry model can be explained as f-l]ows: the

7
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requirement is a function of failure rate, base repair time,
percent cof items repaired at the base, depot repair time,

cIrder and shipping time, number of c -ondemnati-ns, -umber -,f

users, and prcurement leadtime (1:2-2). The changing vaq lue
ocf these var iables and their interacticn over time will cau-.

bUy requirements to change from budget requirements. The
primary variables which change and result in changing
quantities are: expected cndemnatio-ns, item failure rates,
number Of users, repair times, expected number of repairs,
and proc1:urement leadtime.

SN, single variable was the sole reaso-n for the buy
quantity changing from the budget quantity, but the biggest
reason f,-,r change was failure rate. C:hanges in the failure
rate have the po:tential to change the requirement the mo'st
since the -ther variables are sub-,rdinate to the fail ure rabe

~the mathematical eq~aticon. Failure rate- change was
evident in 23 of the 31 buy quantity changes. Change in
antic ipated ccndemnatic,ns was a major cause of increased

quantity for eight items. The number Of users changed Fo:,r 24
items. Projected repairs at base and depot changed for 2
i t ems.

This chapter evaluated the impact o-f churn, discussed
h,-w the data were obtained, and sh, wed how numer-,us variab1Cs
change in the dynamic inventory mo-del. N--w that the reasons
for churn and its impact at the item level have been
presented, it is important to see the impact -,f churn o-n the

budget process.

A
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Chapter Four

EFFECT OF CHURN ON THE BUDGET PROCESS

We have discussed the impact of ,hurn on the budget and
buy quantities ,f individual items. We will lock at the
larger impact of ahurn on the budget process. First, we will
review the budget process for spares. Second, we will show
the effect cf time on the budget process. Third, we will
illustrate the the overall impact of churn at the budget

level. nal1y, we will examine the reasons for maintaining
cocnfidence in the spare -. budget process.

* THE BUDGET FRO_.:ESS

The budget process for spares begins with the D041
Requirements Computation being run in March. The results of

the computation are available in early September o:f the same

year. This computation produ:es the three requirement
statements kno wn as the AY, BY, and EY requirements. The
time line below illustrates the timing:

AY BY EY
-------- : ----- ----- •:----

MAR MAR MAP

SEF SEP SEP
The time line shows that the AY requirement is for the
remai nder of the i scal year--March t hrough September. Th

BY r equi r ement is for the next f i ..- al year and is used t o
begin the exe,ption process as the basis; for purchase

* requests. The EY requirement is used to prepare the budget
for OSD review and incorporation in the President's Budget in
January.

The BY requirement is an update tco the previo us EY
requirement that was the basis for requirements sent to,

* Congress as the President's Budget. This update to the
President's Budget is not available tco the Air Staff norma. ty
until the middle cf September, just prior to passage of the
Appropriation Bill by C:onqress. The timinq of the
availability of the updates makes updates to the C:ngres
very difficult, especially if any analysis is required.

S.
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For years the Air Fcrce has recc,gnized the need to, be
.able to have the BY data available earlier (8:116). When the

Requirements Data Bank (DB) system becomes available, the
timing will improve. Hcwever, the RDB for budget purposes
and requirements ,-computation will not be available until 1991
--.--.. In the interim, updates will not be available in
time to, make adjustments to, the budnet request whi-h Conres
reviews before appropriating funds.

EFFECT OF TIME

Time affects the budget and buy requirements. Variables
used to, co,-,mpute the requirements are subject to:- chanqe over
time. AFLC:, 57-4 discusses in detail the metho-ds used to,
update the various factors. Briefly, the values of the

".variables are computed by usinq a two-year mcving average c,
data. The two-year average is comprised :f eight cbservation
points and is updated by dropping the first quarter data and
addinq the new data pcint for the last quarter (9:9-1).

The prc--edure f,-r Updating the values -of the factors
insLures that the best and latest inf,-,rmati-,n is used to,

:project future needs. Additionally, use -f the two,-year
mving average minimizes th.e effects of sudden -hanges in the
variables and effects -,f errors made in inputting data.

The effect -f time on- the budget process can best. be
illustrated by the fact that between the EY computatio-n and
the BY rmputat ion there are four quarters worth -,f data used
to update factors. Since fo, ur of the eight quarters -of
observaticn points are updated, there is potential for
significant change in the variables' values. Changes iF the
variables' values cause the requirements to change. Al though
there is signi ficant -hange at the item level, the o, verall
impact in terms of dollars needed to buy the required parts
changes little.

i.HURN IMF'AC:T AT THE OVERALL LEVEL

If the 44 items in the March 1'983 co,putat ion and thce
September 1984 computation are used, then we can make the
fo lc,wing comparison between the budget and the buy on a

S. dol Iar basis. The budget f, r the 44 items in ,iur FY35 budget
was 12. 1 million dcllars. The September 1984 computat on
(buy) had a dc-llar requirement of 10.8 mill ion dcl lars.

- Between the budget and the buy there was a net decrease of
. 1.3 million dollars. In examining the individual changes in

Shapter Three, we determined that the chanrge in failure rate-h - -- - -I a_-2 r '

( mean time between rem-val) ac-COUnted f, r most -,f thc:
.AdecrEase f B5 percent).

or
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OUr FY86 budget and bUy reqli rements can be ex~ami1ned by
ma :i rig the Came type cf cocmpar ison usi IgI the 42' i temns. T h c
b~dgAet was based crn the Mar:ch 1984 c omplt aticon and had a
:dci1 lar r eILA I remen t c-,f 14. 1 in i 1 1 io--n d cl 11ar s. TeSeptember
1' :m p ut at io.,n (b U Y) h ad a dclIa r r e quLI1re m ent c-,f 1"J.8
mili on dcII A- s. Bletween the budget and the buy there_ wac- a

nticrease of 1.7 millicon do-llars.Thinvdultei
analysis in Chapter Three shows that the change in prcje -ted
con demnnat ions accou,,Lnted for 66, percent of the i tenfs that

-~ 2 increased.

Blased on the items sel ectdweeehatenubrf
doll ars requi red fort the FY85 buy were 1C) percent less Ler.Aon
the dolr equired Fo--r the FY85 budget. Fro--m -the FYPF6
budget to- the FY86 buy, there was a 12. percent i ncrease in
the dol lars requi red. HoDwever, if we? add Up~th dollar
i ncr eases and dec reases --f ea:ch item wholse valLteC changed, we
disccover a 75 percent change in ter ms of dolilar s for FY'c-E.5 and,
a 7-7 perc-ent c-hange, in FY86. uCh~irn cautses a great deal c-f
chang-e at the i ndi vi dual i temn level , bUint the- change

* system-wide is no--t so si gni fi cant as mo~re Items are incl1 'iedo
and he ncrases an-h ereases begin tc, cancel each

:-t her -,U~t in t er ms of dcll1ar s.

F.:ONFIDENC:E IN THE BUDGET

Over the past few years the credibility of the budget
request has been questioned. This credibility was fir _t
que-stioned in the FY86, Apprpriations Act, and the budglet
r eqUest was reduc-ed 3(. - mill ion dcll1ar s based on a HO''; E?
Surveys aind Investigation :epr that was critica.zl rfL

Ai r Force' I SUse Df a mce:nmicfor ec asti ng technique
'11:'4e -2: . Th Air Force thn r ev e rt ed to 0LUSI ngq t h c D: I.
to fo~recast requirements even thoDugh that model aSchas

i mi t at i ins.

The D()41 was n,--t designed as a budget frcs igti
*but has been) accepted -As o--ne. The majo-r pr-obi em is t-l

scnne pecDpl e bel ieve that the D(_)41 c-an accurately fo-recast
tem-l evel quant i-ti es and co:st s for 15m Ui t ems two-- yea_ r-

* ~ ~ ~ ~ ~ ~~ -befr-gin t itemrktlae tc buy them. As shown in
C~hapter- Three, the requirements at the item level changce asi a
funm:t ion o--f time and ex't er nal fa:trssuch -AS We 'Aro-ut rat eS,

* ~faillure rates, variOLlS Air Force act ions, and eooi
f a _t,: cr S-.

The bUdget request -the Ai r Force sends tc c Ingr ess :is

the best estimate o-f the dc--liars requirerl -F,- bty :Arts based
on the D'04l co-MPLit,:t i,-on and external adjustment. by item

* managers. As shown above and i n Chap ter- Three, the c Liii ie i n

.F % % % % %1
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total d, llars required for the selected items was within 10
percent even t1hough there was abo, ut a 75 percent change at
the item level because cf churn.

- This chapter has graphically p,-rtrayed the budget cy-le
- fc, r spares computat i,,ns and the prr blem c-,f getting the

updated data when desired. The effect cf time on
requirements was also discussed and the prcbability cf chanoge
was shown, given that cne-half -f the o-bservation po:,ints on
which the value -,f variables is computed are updated between

" the budqet and the buy. We discrussed the effect of churn at
-o the roverall level and showed it was abcrut plus or minus 10

percent even though there was abc,L, a 75 per-ent change in

budgeted d, llars versus buy dcllars at the item level. We
can ,c,:nc1Ude, then, that Churn shruld nor't lessen the
con ffde.n in the budget request for dollars to:r buy parts.
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FONCLLJC3IONS AND RECXOMMENDAT IONS

C ONC:LUS I ONS

This paper ha~described the phenc'menUfn -.-f JLrn
-el atic'ns 'i p tc; the spares reqUi remen It- pr rieSS. Si mplIy

*Stated, churn is the changing value ---f Variables over Limfe.

C' h - ,P-act s i nd ivi dual i ten requiremen'ts mcre than- It
apa tthe total budget request in terms of doll 1ar s.

Biased on cur data some trends can be seen. In terms o.-f
* dol lars, there was- a greater thc-an 70 percent chneat the

Stern le'vel verSUS an overall change .--f oiniy abo~ut plus or
in i n L(s I C percent . C:ont incus(F updat inci c-f thc-e var iabli es

- ~ ~ ~ p I mprves the acuaycfteby Updating of the. failur
rakte --nd projected ccndemnat ic'ns insures that the itemsno

e r-ii re are being boug -(ht. The :cser to the buy point wO:
can pdate the var iables, the better we can co~mpute thp

* rE-qui re parts. However, due to having nl two datapin.
o n w h ich to. test a hypoithesis and alsoc be: a~se the dat a was
from a selected sample, no statistil inference 1ic- ma-Ide.

The DC041 ERequi rements 17r-MPtat icin model is no~t a static-
m:,dL I, but a dynamic one. It changes with time as will any,

-~dynamic butdqet inq and fcr ec ast i n model. It is inapprcopr iatt=
tor anyone to, ex~pect a dynamic model to provide the same
InsWErs at two, pcoints in -time which are a year a-part.

Howev~er, as was shcwn in this paper, there was only a -
* . IC)~1 percent net chancie in do:ll1ar s fr cm butdget to c. e i o.
*This dejree o--f accuracy prc-vi des :jn f idenc e that the LhUdf et LC-C4

process: Ultimately pro-.duIeS accurate budciets and sho_'uldi o
be tampered with.

RE170MMENDAT IONS

AFLC Isho1U1 d L Se2 t h i s r e pc-r t asF a st a rt i n g pci. rit Ftc
c:onduclt a St~idy i nvolvi ng more than two dat a pci nts a,,d using
a random sample. SUiCh a s:tudy would pro'-ve LUSEfL]. in
provadinq additional confidence that the co-__MpLtti':n pr'ceITs

*produce an accL-s -rate budget and that the Ltpdat ilrIg pro.cess
p pr,./i d es cc_Urate buy requirements.



Additio~nally, AFLC shOUld *:-reate an analysis o:ffice to
hel p in prepar lflC the buLdget. This c:f fi ccL would enSL~re that

4 the butdqet and buy requi remenlts are accu-Lrate and the that
rel at ionshi p between the twc. is ex'plai nabl e. The 19 ~rn

-Req Uir e S tuLdy reco--':mmen ded a s im i Iar oif f ic.e be e st abli shed f or
-. the F'rogryam Objec tive Mer.:rcandutM StLbmis'siozns (8. 11) Tus,

* te cncet -int new. The rnced is clear.
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APPEND IX 1

FY85 Sample

1 50-CO51 8-688DF X

156-0-1 -564-4844F X
1 560)-c) 1 -103- 1977F X

165)-00C-288-6044
1650-0 1-041-4433

16001 5 C-C7-C31

165 .0- C)1 - 096 -460C)3
1660-00-273-8669

* ~1660C-C)C-544 -4334
1660C)-0C 1 -0C1 -S017
1660-01-46-I4
166-1-0l-84-6853

* 160-0 -04-897WF
2..620:-C) 1 -(:155-4C-1:11:1

1835-01-068-6525j
'.8335-0)1 -09 1-2433
2Z8 3 5 - CI- 140C- 16G23
2984C)-0 1)I-0C 1- 449 3 PV
~..84 C)- C 1-020-1 3'.22--F

840C)-0C1 -14 46-5 C 23JF

8.'B4 Ci -0C. 1 - 14 46-9 39 1 J F
-8 4 0-0C)1 -14 47 -C559 JF
-8 4 C)-C 1 -14 7 -561 J F
291 C) -01 - C)37-8565
-925-1-111 5-C0306YF'

4 810C)-0C1 -34 - C 196
48310C)-0-1 1 - 7939 Y C
492-7(' C- C) ()-3j53-337 D 0
4932-0)1 -o59-51 iBDO

*5821 -C01 -073-71 26

5841-0 1-073-..0(65

66 1(1-C) 1 -0 10-45 16
G615-:)1I -00) )7 -4290C

*66 15-C1 -C013-5,966
6615I -Cit -(-3--)-0:744

66251:11-:4=-57-,3DO
662,75-01 7C) 1, -3DO.
6625-01 -0:52-58

662-0110-66270
* 7C' '5-0:1-032-533
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-. ~APPENDIX *2

FY86, Sample

1 560-0-1. a-63389FX
1560- Q - C) -52-3- 5 2 67 F X
1560-01 -564-4844,FX
1 F,-.,:) -c) 1 - c) (:)ec)83

J%. 16,30C)-01) -)69 -:)'D
1630C-C) -(:)3-0444

1650Q-00C)- 28 8-60,_44
165(:-(:)-)41-43

1650-. -44D-.
1 650()- C) 1 - C753- C) 5 1)3
1~ 1650C- 0 C 1 - C 73 -46C31

166, C) -) C0 -273-8 669'
I 1660C)-C)00-4 4- 433-,4
1660-01-C) 5-D() 17

v~. 1660-1 15)4-094

- 1660-01 -084-6853
1680-0)1 -0)48-89,77WF
262Q-01 - 055- 4 GC)
27.35-C00_-G 1'2-9420)
2,83 5- C) 1 - C) 9 1 -433'
~8 35.-C 1 -14C)-16&23

2' 84 C)- C 1 - C) 18 8-449 3, V
2. 840-C) I- 146-502*73JF
2.84C0-C1-146-9D374JF
"78 40-C 1-146-93,91 JR
2.84u-C 1-1I 47-C-)53-'5JF

-4()-() -1 47-C)559JF
2.84 -14-51J

* 2910-01-C037-35651

-' D'-5-0(: 1- 1 15-03C)630YP
48 10C-0)1 -0)34-01 196

- 4810)-01.)-1 18-7989YO

*49 -C)--)1I-(C) 5'D-5 1 18eD Q
492" C) -) 1-13C 3- 447 6D 0
5 8-21 -0C)1-0C)3P152-,1
5841-01-03-06

66 1-01 -( ) 10-4516
*6615-):) C)-I .7-4129(

* ~~~6615-10356

661-0 -V351074

* jI



APPENDI X3

Items Wholse Quantities Increased

FY85J

156C) U103 )3- 1 977F X
16F,30C)-01 -0C)69 -00)C93

160U1- ()48-8D7 7WF
49 )-5 553-3376 DO0

66 1 5-0)1 -(-)(-)7-42'D()

FY86-

156 C) - C) C) -5.'2"3'-2 67 F X
C835C00-612-942C

2840)-0:1-146-9339 1 JF
18C-0 11 47-(:)-'5'9JF

4920 -05 53 - 333,7 6 DO0
4920-0)1 - 130-4476DO
66F,15 -01) -C)C)7 - 429 C)
6615-C)1 -03-:5-0-774
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APFEND IX 4

It ems WhI-,Ce QUln tit ies Dec reased

F Y85

15F,(0-- 1 -5G-4-4844 F X
1 6 55C) -0C-8864

1660)-00)--273-8e6 c9,
1660C)- C) -5 4 4 -4334
166-: 1 -(D84-6853
'62C-F, 1 -C-) 5 5 -4 6C)C
.2835-(-01 -14C)- 1 F'7":

,:8"j-1-O)--

13C) - C) 1-08C) 44415110D0

531 0 1-09C6-47603

156C) -0 lC)527-86694F
16 63 C) - C)1 -04)69-C093

1 F, 5'-) 1 I 'D6 -4 685u

16 0- : -I - 4) 5-4605 3

24C0-C01- 1 47-(-).j6 1 JF



0

APPENDIX 5

Variable Definiti ons

Unit cst-the latest acquiSition price to, prc-cure one
unit of the item, plus a 3% first-destinatin transp-,rtation
char g e.

Failure rate-expressed as total organizational and
* - intermediate maintenance demand rate (TOIMDR''). This

measures the rate at which base maintenance places demands on
.-" supply for a serviceable item.

Nozt repDairable this station-items that can not be
repaired at the user's base and must be returned to the depo, t
f, r repair.

Order and sh ipping time-is the time that elapses between
the initiation of a request f,-,r a serviceable item until its

• delivery to the requestOr.

Repair time--base and depot-the timespan in days frcm
the time an unserviceable item is removed from use until it
is made serviceabe in base maintenance or depot maintenance.

Number of -Users-the number -,f stc-k recrd ac-counts
repr-rting a demand level for the item.

Procurement leadtime-is the sum of administrative

.leadtime (time from start of prchase to co,,ntract award) and
production leadtime (time fro-,m contract award Until 10 of
the corder has been delivered).

u-Cndemnation rate-the portion of the total parts
pro,-essed for repair which could no .onger be repaired.

[FLn,-_--rpr-,ram-the projected number c-f h-urs the
• different aircraft will be flown per quarter.
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